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ON TO DUOE5TWAIZ0 OF
BTApfI!LCOCOCV nIF01XIN

LFoUeOVLD Is a tr•aslation of a artcle by Dr. V3.,t*
Kien1it and Professor Doctor ovRolf Premur, Director
of the Nysiens Institute of the anseatio City of
Luebeek, in the 0ema-1an-gaqe periodical Zentra1blatt
fter Sakt.riolt•I (Central lwe for B eot•rlIc•L-JY. Vol,"p3 19"p, WI 20e3-2.Ae, sUbldt.t.d On 4. Jun .

2. Investipa aolato the Izfao o4 Anteroto.na-foreing

beka en biolegaehen Yesoo racL ) o n ead I.n the Zb..

76 (centra s fo tacteriol1gy), Vol. 1.68,e9" PAto117- .13s

The lncubated hen e* serves in biology# and esepec •y in virus
research, as a freqently used test object am enoom*st has often been
had to it for the infection vith staphyloCOee. Green and DitkelaW

mrothe (8), Jeos and Meleoey (), as veil as ?wappier anA somea
(3, have published interestIg ••diings on this subjects It can be

a Wmped - certain that the chick embrp In ta e mjority of cases dies
after injection of a few stlphylo egoee Zo s e ar.e )
(Leothal does 50 acoodina to Poppler a m Bows less than iM. Bez).
HoWver', toewrd the end of the incadation period, the monsitivity to
the infection clearxy decreases. e sane of this mortality has by
no ans been clarified• •o f•ar, oe nmy only aise that a part of
the toxiLns or hemoysina fozd by the iphylmoeoeci has a dagi• g
effect on the chick embryo. This is alse supprted by the observationa
of snothe (8), that the Inoculation of hen e*s with a staphylocoocus
strain ithout, pipment-fonmtLoa and heno3.ysis ()oroeoeue _pyogines
var. albus) •oes no reeosgisable demage to the eubros.

We vers interested in discovering mhether enteorotoxn-fozrinS
staphylooci can be differentiated In the infection test from those
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without, enterotoxdn production. At the usme time, the hignificance of
the diminishing sensitivity of older chick embryos to infection with

behavior of several stralum of miorococcus pygoenes var. album in the
infection test.

Material and Methods

Ro ais The eggs,, obtained fromt a chicken breeder, wer* from
sickness. fre* stook. On the basis of previous experience, we chose the
eggs of one-year-old pullets, in each came of a single strain and
breed (brown Italian and Liegborn. exclusively). As far as possible,
pullets of the same vaight, (C) were used. in part, pre-incubated eggs
were used. These wez* brought to our Institute twenty-four hours be-
fore the start of the toot. When the incubation vas done by us from
the first) the age of the eggs never exceeded 48 hours.

Inuato Old"Style electrical flat-surface Incu-
bators M eadrd ho flat-surface incubators with roller
turners were used. Temperature regulation by contact thermometer or
other mem'hrae. NImidity meassurement, by hair hygrometers Before
they were pAaced In the incubator, the eggs were freed of coarse
dirt, (not uashet) and imarked. Starting temperature 38.500 (first
incubation day). By raising the intrinsic heat of the eggs and
using the heat-regulator, an end temperature of 39.500 was attained
(twentieth day). From the fourth up to the eighteenth day of incu-
bation, the oegg were turned twice a day. Xoving the eggs was done
in the wy that is usual among incubator operators. The daily

F cooling prescribed for the use of flat-surface incubators vas super-
fluus n iewof hedaily candling check viaih vis conducted fromI the seventh Incubation day with simultaneous elimination of eggs

that had died or were miuforgead (air bubble at the shrp end, etc.).
kelative humidity - 30-60 percent, and TO-85 percent at hatching,

1UjaotnziTochnus. In these tests, we used the aLlantoic
cavity teoumi"Y he emnieje Is easily learned and# properly en-
ployed, seldomi brings about by Itself the death of embryos. In orier
to ex~clude possibilities of mistakes in this connection, it is recom-
meonded that smem control series with an injection of 0.1 milliliter

* ~of physiological saline solution precede the tests themselves, For
the imjeotioup we used tuberculin syringe and cannula No. 20. The
hoe which after disinfection (with iodine alcohol) of the shell is
m.ide with an electric dental drill (1.5 um disaseter Rosenkopf drill),
should be just passable with the cannula. The shell-membrane then re-

*mains undamaged. Damiage to the shell-skLin, small. hemorrtmges and the
like must be recorded. The injection dose of 0.2 milliliter can only
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I
increased after removal of a wresponding amounts of the allantoic
fluid (2nd drill-hole), otheme.se the inner pressure of the egg be-
Comes too high. I'A I-nowv M•Am 4 to t%_e M in - -. .
actual injection itself almost always leads to Mall hemorrhages in
eggs ineubsteI for more than 12 days, but theme, in our experience
have no influn•aec on the hatching results. Breaks In the shell art
sealed with adhesive tape and Upon varnish; the air bubble is marked
and its enlargement is checked daily as the criterion of the optional
air humidity in the incubation space.

Jud mnt of the 4 e.s in the . Only the death of the
embryo is to be used as the measure of the effec6 of the Injected
cultures. The first candling of the eggs wi~th the test lamp takes
place 24• hours after the injection, and is repeated daily until

hatching. Often, there occurs a transient ore, oetimes persdlytent
swelling of some of the individual peripheral vessels, yet this Is
no more a sign of incipient death of the egg than is the slackening
of the amnionPe ristaltis (average frequency with ten-days-old embryo

- 16 minutes). If, after long vrandr over the test lamp there is
no movement asoertainable In the eg, a note of this is put in the
record. The next oheok usually reveals sure signs of death In these
eggs. We regard as such the extensive involution of the visible
vessels and the cmplete lack of aotive movements of the embryos that
are swimming "fret" in the egg. Remains of vessels are not infre-
quently visible for a rather long time, After the fourteenth incu-
bation day the judgment as to death becomes difficult owing to a
diminution of active movements of the embryo in any case. The
vessels are now much more difficult to pereiyve, lare, one has to
rely on repeated checks and ones o experience.

Staphylococcus Stains . As test strainso we used ataphylococous
strains 5-0, 1I7, 1t1, 190 and 254 -- reoognized as sure exterotoatn.
formers -- fram the Food Researah Institute in Chicago, and also
strains 360, 127 and 165p Isolated from the stool of patients with
postantibiotio enterocolitis. Strain 165, like control strain 200,
and the oomiulase-negative Oxford strain of our Institute, does not

produce measurable antitoxin. As a further control, we used 5 strains
of wiorococous nyoenes var. albus. All enteritis strain and strain
200 h Low8d: a positive osNulase reaction, femented A4nn=tol with-
in 24 hours, and liquefied gelatin in the stab culture in a fennel
shape, Further determination vas wde in each case of hemolysin

.efinition aud determination of the staphylocoocus hemolysins &a-
cording to the generally-aocepted principles, bibliographical list
in 77, pigment formation, sensitivity to seven antibiotics (sulfona-
mid, erythrotVoin, penicillin, streptomycina, tetracyalinn chloro-
myoetin, and oleandomycin) in the plate test, and to erythromycin and
penicillin again in the tubule dilution test.
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The inoculation van -- vhen not expressly otherwise described
-- of cultures that were sixteen hours old andi incubated in grape-
sugar broth under normal atmospheric conditioni at 370C, with constant
maintenane or a dos& of 0.1 o L..13.zer. Asuernaizaeni oi -Vane humsr o
of gems in the individual cultures vas not carried out, s5n1e this
fatotr -- oving to the avift spreading of the itaphylococci in the egg
-- does not re resent any source of error for the Judgment of the
finditngs (3, 8).

Resultm

The behavior of enterotoxin-forming staphylocooci in the in-
faotion test with qj days-old chick embryos is Indicated by Table 1.
No signif••oant differences from strains that do not form entero-
toxins) i.e., strains 200, 165 and Oxford, could be perceived.
Strain 196 offers the most striking result, in that it in contrast
to the other strain, produces high titers of 9 - hemolysin (mini-
sum hemolytio dose 10214) and also produces c( - hmowysin. In
addition to 196, only No. 165 shows a medium P - hemolysin titer
(mi-Imz hemelytio dose &4). The rentining stralns form c( -
heoQosins exoluhively.

The infection of 12 and 16 days old chick embryos confirms
the observation already sade by Knothe (8) that, vith the llth-12th
incubation day the sensitivity maximum of the ohiok embryos to
Injury by staphylococcus toxans has passed. Thle differing results
in the •ase of the strains tested ae to be seen from Table I.

Prooeeding from the fact that the production of enterotoxin in
cultures In a 20-30 percent 00a gWafous vapor atmosphere can be con-
sideably intensified ,iblicgraph', sees in 7/ inoculated 9*
days-4 chick ebros with cu,,ltur'es lthat bee incubated for 79
hours with 30 percent a00 aStROEhere and at 3700 (Table 2).

In addition to the sicoococous poZens wa .ar bus I (equals
stA. a.lb. 1) from our co.sotionp we tested four additionsl strains,
Won 68"•,d •ashow either a pipent formation or a positive cosoulaes
rea-lon, did not feieat "annit o, and otherwise showed all the
characteristics of a miorococous Oene var, $ýbus, but *iaoh
nonetheless apparsnt4 had t4 be consida IL US Soei supplying
an inteotien (eystitisp conjunctivitis). In contrast to
1, ane found in these strains, in part, a very extensive insensivity
To the seven antibiotics mentioned above. The findings resulting frou
the infection tests with staph. alb. 1-5 are listed in Table 3.
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(daoss 0.1 M., 72 hours &Ad at 30 per•ent Co2 iAoubat.d ouuturv)

Uwuber Diath at hours aoe
Name or ot aftor injection or died

6t.i8 *g. 2e 4 72 96 .96 hatching

196(I )) 6 4 2 . . ., .•6(6 4 2 . . ..-

161() 6 3 3 . . ..
8.6 0) 6 2 4 . . ..
360 It 6 1 3 1 - 1 .
200(- 6 2 3 - 1 - -
254 E 6 3 e -I
Oxtox (-) 6 9 2l - 1 1

14T()61 2. 22.27 (U)- -6 ... . .• . 2 . - 1 2 .. _{

S*) (U) - o$terotoxin formers

Table 3

avid an 19 day-old (below) abl Q m m 01..~
houre couture

Nom of at after in~jeotlO than or died
OWL.I~ eggs 94 48, 72-9 96 bro. batbtn

5taph. slb. 1 6 m * *6

Itaph -alb. 2 6 * .23
Staph: alb: 6 2 2
Itaph alb. ~ 6 * a * 2

Leerbouillon 6

Utaphalbs, 6P1
Ibaph.alb,2 6 - - * P
atap,•.lb.3 6 1 - - - 1
St~aph~alb.4 6 J. . 12
Bt~aph.alb.5 6 . - I
196 (3) 6 x :, - 1 2

10 - - -It,
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Finally, ve were interested in the behavior of infeoted embryos
after treating :.th erythromaoin. Some strains that had reacted qVitk
variously in the ureedin_ ÷esat -- straine 106, 161. 1i7. -46. i_
and 200 -- ee chosen for these tests. The sensitivity of these
strains to erythrosycln In the tubule d:.3ution test is noted in Table
4. Following the usuawl 1kJ**+eob of that liqLd culture, and after a
vait of 10 minutes., erythromycin (Schering "Eryin") In doses of 10
mtoroglram and 5 microgra•s ws subsequently injected. The shifting
of the death timep and the higher survival rates, canu In contrast to
the value. obtained in the parallel test vith embryos not treated vith
erythrouyoin# be seen perfectly (Table 4)

As soon as possible after the established death of the embryos
the egg va .. In all the tests mentioned here -- opened and the
contents examined. Zn mnoy oases autolytio changes had made any do-
terminations impossible, Untortunatel¥y we were also unable to
carry out histological examinations. The macroscopic pathol ical
tended surface hoemortragoo including ones in the parnchymtous

oiaeo could be obeemde by us In almost evry e ase,

The inoculated stoains could be bred from the eterie.r•emoed
allantoic fluid, A report is given In the third part of this study
(7) on the Sems occasionally to be bred out of the yolki and jvbIte
of hem eg, I va, i possible to obsere the survivig cWhaik fur.
thr. 0o fors they do not differ In a&W my ftrm control animals of
the same age, Xnventory of miorour-ganima in the hatching of In.
teoted aniuls wae Dot earred out regularly, The cultues prepared
trom chicks treated ith eorytaryouia remained sterile with few ex.
eoeptions.

DiLscussion of the Sesults

Demostration of onterotoxin.tomimn staphylococci is not
possible vith the aid of the infection toe on ineubted hen egge on
the t•eth or twelfth or sixteenth inubation day, The death of the In.
tooted eabryo to evidently not induoed by, or not exclasvely In-
duced by the staphyloooccus enteotoxn, nthis is Indicated partiou.
larly by the observation that such entoerotoxiam.eform as strmins 147
and 27 di•s•pl a less i•I•uious effset that the 00 and Oxford none
enterotoxi, toLIlD strains,
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As we received, from Chicago, the five test strains onco again
in fresh cultures -!n the Spring of 1958 and used them directly for
the test after onky ope passai e, %,he - oosi _y -f i-su r •
-L"'I•y lcc•duas In the Case of straln 147. Strain 12' vas activated
beofre the beginning of the Investigations in accoroance with the teoh.
nique eMplovd by Jor'an and Burrows (6). However, no final con-
clusion# are possible because while each straLn, tor example, does
produce CK- hemolysin this occurs at the same point in time with dif-
forn results being found, and so there can also occur ome changing
titer levels during the growth in the hen egg.

Then again with incubation of the culture in a C02 atmosphere,
a possible enterotoxin effect is obscured by the other toxins that
are si•ultaneously forming. The effect of the living bacteria and
the culture filtrates made from them on chick embryos is not always
in our experience identical.

The seanonal fluotuations in the sensitivity of chick embryos
to effects freo outside -- in particular to injected toxins .- is con.
sidored iv the discussion of the toxin testo (T). [he indsia re.
ported heor wvre obtained In the February to April period, the most
favorable ome for the vitality of chick embryos. The natural nor-
tality rate of embryos not inoculated or else treated with physlolo.
gical saline solution was) for these months .- inoluding ahioks that
failed to complete hatching -- barely ten percent counting fram the
fifth incubation day onwards,

Uf, among the multiplicity of Itaphylococus taoxie, oVA seeks
the agent that I. pathogenous for chick embryos, then T- hemolysin

eand cogulse can easily be excluded. 0- hemolysin is formed in
notable amounts only by strains 196 and 165, from aong the stnins
investigated by us. The nonetheless significantly effective Oxford
strain is pertsetly ooa ase-ative, Frequent attempts to es.
tablish the lethal toxin (mouse intrapeitaoneallyo rabbit intravenous-
ly) in Oxford filtrates, have so far &lways failed. At the usae time)
the 0i. heolysin titers (Technique of Determnation. See 7,) in-
eluded in Tab,',e I do allow certain relationships to be perceived be.
tween titer levels and the number of embryos killed by the several
strains. Nevertheless CK. hemoly•in cannot alone be held responsible
for the death of the embryos, an is visible from the findings of Table
3.

The behavic.r of the five ntraias of miorocoocus pyogenes var,
album in the Infection estw woo of vpeoiai significance for the
P44 Ion& asmed in this study. As is known, enterotoxin.-forming
white" ata y3.K'o1t re uot Infrequently isolated (1, P0 9) in
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cases of food poisoning. But after having observed enterotoxin-
forming staphylococci also exhibiting a negative co•gulaso reaction
(11), one has to reckon with the fact that a highly pathogenous
enteril 3 micro-organism is hiding beneath an apparently harmless
ataphyaccoccus. The definition of the micronoocus pyogenes var. album
or staphlococus albus ie not consistent. Our routine procedure is

to .. gard s• k at- phy!ococcus !bus. the gram-positive cocci which,
morphologiually, resemble the micrococous pyogenes var. aureus and

bhieh evibit perve2.sm*nftite pigmentation, negative plasma-Coagulase,
abnaa of MI•atol fermentation, and absence of hemolysis. Strains
2-5 -- vhich had been judged from these points of viev -- and another
stmain froa our collection (No. 1), were tested at the end of the
infection tests, after vhich the infection of embryos with staph.
alb. 1 van carried out as a control, parallel with the preceding ex-
periments; the result mu always negative. The death of the embryos
in the eggs infected vith staph alb. and 4 surprised us. We iso-
lated the strains that had been inoculated) brought them once more
into the incubated hen egg after multiple passages of grape-sugar
broth on the 7 percent sheep's blood-agar plate (alternating between
aerobic Wad anaerobic incubation) in the technique given by Knothe
(8), and repeated the prooesn once more. The result of these rather
time.eensuinAg proeeedir4, wrc meager. The properties of stiaph al,
1 9 and 5 remained unchknged. B+Avh. alb. like st4ph. alb. 4 ex
hibs aweak wannito2 fermentatLion ater ihout 50 houraj further,
staph. alb. 4 exhibit. a 0l - hemolystl on the seven percent-sheep's
blood-agaz plate. 'he coagulase reaction of all straias vas oon-
sistently negative. The differentiation of ooagulase-negative, non-
pigent foomingp enterotoxin strains from similar ones without enter-
otoxin effect would be, in our opinion) extremely difficult. On the
other bampd we vould -= by vy of exanding the results of (nothe (8)
-- like to regard the infection test on the inoubated hen egg as a
good criterion of the pathogeniacty of the sh. alb. isolated in
human infection and, in particular, isolated srterthervAH s ile
body fluids* Regardl•,ss of the pending alassification problems, this
gives the doctor treating the case an indication of the significance
of the mioro-organisum that are generally regarded as apathogenoui.

c t so fla be the task of further investigations to define more
closely so far as possible the oasponents that are deadly to chick
embryos; they can evidently be peculiar to both these representatives
of the genus miorocotous. The pathogenous effect of the *- hemo-
lysin, of the entero-toxin, an presumably also of other toxinso
mae •tbe, lameels of such effor•-s very questanrable to Judge by our
experlenous so far.
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I
With respect to the problem that has been of particular inter-

eat to us for a long time -- that of an effeitive therapy for the
post-antibiotic staphylococcal enterocolitij .- we tried the ef-

injected into the egg about .0 minutes after the liquid culture. In
spite of the high degree of dilution that the antibiotic underEoeS
in the egg, it became clear that there was a clear shifting of the
death date with simultaneous mising of the survival rmte, for the
embryos treated, Erythromycin in the doses We used has no perceptible
injurious effect on chick embryos. It would be of interest to find
out the time period between infection and treatment which still leaves
the life-maintaining or life-prolonging effect of the erythromycin
perceptible, and whereby, at the same time. the onset of the irrepar.
able injury of infected chick embryos could be determined. The test-
ing of antibiotics in the chick embryos test (5) should count as a
good criterion for the effectiveness of the medicine in vivo. fote:
See also the reports of H. Knothe and D. Thon on antibiotlos studies
(penicillin, streptomycin, tetracmolin) on the incubated hen egg in
ArtneimittelfarsahgM, (Medicaments Research, 6, 16-21 and 703-712

The tests described here did not bring any usable results as
regards a possible demonstration of enterotoxin-forming staphylocci
through infection of incubated hen eggs, On the other hand we did
find same very interesting points of approach for further expert.
ments, which would aim at an exact analysis of the my in which dif-
ferent stap1ylocooeus toxins affect the chick embryo. In this con.
nection, the titer deteruination of the filtered, liquid, content of
infected eggs -- hitherto only used ss a spot check -- would be con-
ducted as routine. We hope further that we shal learn more of the
course of death from an electrocardiogram of the embryo that has
been derived fram a modified procedure of Wertheim-Balomonsen (12),
The question of what is the practical value of such investigation for
human medicine can hardly be better answered than by the statement of
Ro.anoff &nd Romanoff (10)i "the chick embryo Ins excellent test
material because its tissues are more or less susceptible to the same
toxin as human tissues" (page 792).

Summay

The visible effects of the infection of 9j, 1V- and 16-day
old chick embryos is similar to the picture that has been given so
far in the litezature on infection with staphylococci without enter-
otoxin production.
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The incubation of the tested strains also in a 30 percent 002
atmosphere brought no further results in each test series other .hAi.
the raising of the death rate.

Micrcw-oous pyogenes var. albus -- accepted aa apathc6enous
for chLck embryos -- can have the same toxic effectiveness as micro-
coccus pyoegenes var. aureus. The infectlon test with microcu-
pyogenes var. albus on incubated hen eggs should therefore be em-
ployed particularly in persistent infections (cystitis, conjunctivitis)
and as a pathogenicity test in the demonstration of this micno-
organism in the fluid or the ciroulating blood.

On treating infected chick embryos with erythremycin (Sabering
"Eryaln") a clear effect of this antibiotic was perceptible.
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